ADP-ribosylation factor 6 regulates mu-opioid receptor trafficking and signaling via activation of phospholipase D2.
Endocytosis of the mu-opioid receptor (MOPr) has been shown to play a protective role against the development of tolerance to opioid drugs by facilitating receptor reactivation and recycling. It has been further demonstrated, that the opioid-mediated and ADP-ribosylation factor (ARF)-dependent activation of phospholipase D2 (PLD2) is a prerequisite for MOPr endocytosis. In this study, we investigated which particular ARF protein is involved in opioid-mediated PLD2 activation and what are the mechanisms of ARF function in MOPr trafficking and signaling. By coexpressing the MOPr and dominant negative or constitutively active ARF mutants in human embryonic kidney (HEK) 293 cells and primary cultured cortical neurons as well as by using siRNA technology, we identified the ARF6 protein to be involved in the regulation of MOPr endocytosis. We also found that expression of an effector domain mutant of ARF6, which is incapable of activating PLD, blocked agonist-induced endocytosis suggesting that ARF6 function in MOPr trafficking is PLD2-mediated. Analogously, opioid-mediated activation of PLD2 is blocked in the presence of dominant negative ARF6 mutants. Finally, we also showed that ARF6 protein influences the recycling/reactivation of internalized MOPr and thus modulates agonist-induced MOPr desensitization. Together, these results provide evidence that ARF6 protein regulates MOPr trafficking and signaling via PLD2 activation and hence affects the development of opioid receptor desensitization and tolerance.